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(Contriv.tion from the Oepartment of Chemistry,
University of 4ashington)

THE PREPARATION AND PROPERTIES OF TRIPWOROI1MHOXY

SULFURPE' A AORIMD CP3oB0 5 AND

CIS-BIS(TRIF ORONHoxY)Tr AFLUOR oU LM(VI) (CY30) 2 sP4

by

Leonard C. Duncan 1 and Oeorge He * ,dy

Trifluoromethoxy sulfurpentafluoride and

oal-bls(t -itluora tho)1etra luoromlrur(VI) were prepared

by the ultraviolet irradiation or gaseous mixtures of SF4

with either CFOF or CP00FP, The products have been

characterized, and the structures confirmed by vass, Infrared

and nuclear magnetic resonance spectra.

(1) Presented at the Northwest Regioqal seetit of' the
American Memical. Society, -U V W



(2)

Trifluoromethyl hypofluorlte can be added across

double bonds with cleavage at the O-F bond to yield, in the

ease of ethylene cv3OzCH2cF 2,3, and in the "se of carbonL

(2) 0. H. Cady, Abstracts, XVnIntar ational COress of

Puwe and Applied Chemistry.

(3) S. A. C. Allison and o. He Cady, . A M u. C Soo.,

8t, 1089 (1959).

fluoride. 4:,000F . It has now been found that trifluoro-3 3

(4) R. S. Porter and o. 1. Cady, AbA.. Me 5628 (1957).

mmthyl hypofluorite also can be added to sulfur tetrafluoride

to give tr fluo thoxy sulfurpentanluorlde 5 . Ols-bis(tri-

(5) Tis oompound has been reported by . lPass and I. L.

Roberts, norg. Chm, 3. 1016 (1963).

fluo omthox)tetrfluorosulfur (VI) Is also produced.

1eat4. s - friflwuoomethyl hypo-luorite 6 Was

(6) L,. sellogg and 0. 1C1y, Jr. Amer. Owm. Soo. &_

3986 (194~8).



(,)

obtained as the product of a flow reaction of oarbon uonoxide

and fluorine at 3500¢. Bs-trifluoromth~yl peroxide 4 Was

prepaed by passing stream of fluorine and carbon monoxide

through a Oatylltio flow reaor 6 with the flow rates8

4 1/hr. F2 and 207 l/h. 00. The products of this reaction

were collected In a trap held at -1830. The )eroxide was

refined by puiping the product mixture under v ouun through a

train oonsisting ofr (1) a .75 a length of 3o mi tubing

packed with granulated soda lime. (2) a trap held at -780

and (.3) a trap held at -185 . The P2.  OF$ 002a Ind 0072

present In the crude material were absorbed by the soda lim.

The water and oxyGen formed In the soda lime colum, a'.cng

with 0ooc0, maC then passed throu& the trap at -780

where water was condensed, then to the trap at -183 e wher, the

peroxide was deposited while the Cl4 and 02 present passed on

to the vacum pump. The 1003" obtained In this mnner wt

used without further purification. Sulfur tetrafluoride was

suppled by Lo I. du Pont de Nemours and o.* # no. and vwi

used directly from the cylinder.

Ma11m - Nquwlar amounts of gaseous 01 0 and
SY4 were introduced into a three-iAter Pyrex bulb to a ttal

pressure of 252 mm. A quarts glass finew containing a w,.ter

cool" Hanau 4.5 watt merouzy arc lmp proJectod u.v. 101;

Into the bulb. After Irradiation for three days the vol.ati.e

products were condensed, and separated by fractional oodisti.-



(4)

iation 7. They were, In order of deozeasng volatIlIty,

(7) o IL Cd and D. P. Sieogarth, Am., QUe. # .o 618

(19,%).

01,. ao .I41 02 8o22 , '. 0o2. %oo%.W3 %oW,5. (%o3)2s,4.
end a sm3l amount of a still less volatile ,mterial which was

not identifled. All ol' the above substanoes, exoept the last

thre vere identified, by their oharacteristio infrod speaota

The yield of 0130815 was approxmtel.y 10. and that of (01,0)281*

about 8e' of that th,.reticaUy possible fron the amount of 81*

A mixture of equizolar amounts of 01 01 and S74, fwith

a total pressue, of 408 am was heated In a 1.5 1. nickel rmotor

which has been prevously described 8 The psswe w

(8) Wyne. Van Moto and o. I. Os#., J. Amr. @ soc.,
f, ,$o5 (1960).

reoored at frequent tmperature Intervals and it was fownd

that the pressure of the mixture Increased In direct proportion

to the absolute tpe~z'atue up to 150. Above this temperatwe

2w pressure vs. temperature curve flattened", Indicating a

maotion which oaused a deorease In the number of molecules.

the product contained CF3C81, and (01,0)281*. but ths yields
were olmallo



(5)

2he best yield (about 35) of 07 05 5 wa obtained

by the reaction of 2. 5 g. of 01,01 and 2.5 S, of 81* in a 5 cc

Nonel tube hold at 100D for a week. fhe yield of' (C010)281*

was negligAble in this case.
ClosF and (0,1)23,, were both obtained iA about

10% yields f the ultraviolet Irradiation, at room teqperature,

of an equimolar gaseous mixture of C,,W0ooa,, S1, with a

total pressure or 500 m In a .3 1. vessel.

General Setlgot - R speotra were studied using

a Perlin-Bbier Model 21 Wrared Spectrometer with a sodium

chloride prism. The gaseous samles were contained in a 10 am

glass cell with silver chloride windows. N.& spectra were

obtained through the use of a Varian Model 4311B high resolution

spectrometer with a 40 megacycle oscillator. -j were

recorded using a onsolidated bgCorporation type

21-103 mass spectrometer. !.!g # &Wa were determined

using a glass bulb of 258 al. volme. Tdquid densities were

found using a single capilay pyonomter. 2 0015 were

obtained by warming the solids slowly in a closed 5 m o. d.

Pyrex tube contained in a cold iso-pentane bath. Xmgr. W

were determined using a method previously described 6.

Drcoertes of trIfuor, methx, n lf, nentalaaorIde -

Nxpermwtal measuwements gave an average ygLaoulz w of

213. 4 opmre4 to a moleular weight of 212.1 calculated for

0,1 Y5 0. lhe donsISM of liquid c,o,5 as determined at five

temperatures In the range -300 to -50 (see table (1)) gave an



(6)

extrapolated density at 00 of 1.772 S/oo, and a volm ooetfi-

olent of expansion at 00 of 2.32 x 10". 2he observed a

LjIpt was -143.0 + ,56C, VDor nressurej, shown In Table 2.

Indloated a W91M 2e1zn of -11.0", a molar heat of vapoia.-

tion of 5.84 koal., and a Trouton oonatant of 22*3 e.u. The

experlimntaL data fit the expression logPm -A A X 103 +

7.748&.

Table (1)
Densities of C730,15

T0*. * -29.5 -25.3 -19.5 -11.9 W4.5

Densitye 6,/c 1,889 1.882 1.851 1,821 1,790

Table (2)

Vapor Press.rst of cPO98'Y

?M6. TWOm. "L FA. Tom.O.

47.5 214.3 378.9 246.7

76.2 217.9 419,4 248.8

102.2 222. W.3 251.1

137,8 227. 513.6 252.8

171.9 231,., 553.9 255.0

206.8 234., 6m. 1 256.8

232.4 237,1 650.2 258.5

262,6 239.3 687.0 259,8

29 4. 241.6 717.7 260.9

.341,o 24.3 754.4 262.0

(760.0) (262.2)



(7)

The U&M4 sDeotEM at 2 and 10 m.

cotie strong bands at 1275 cm- (7.8Whtd 123,8 ci-1 (8.074).

sad 1198 =-1 (8. IL) de to the OF..O grp. The strong

at 934 o (1o.00) and at 854 om"" (11.0) w

attributed to the S 5 - grop. L. . Cross, et al 9 have shown

(9) L H. Crosse 0. 0"lng. and N. . be.ts, Speotro. Chem.
Aota.. _L 30 (1961).

that n oompounds containing the SB5 - gromp, intense absorption

bands oooi, In the realon fro 850 to 920 oa" *g and W. A. Shop-
Pam 10 has found that the lover limit of this region my be

(10) V. A. Sheppard, $. Amer. em. So., § 306 (1962).

extended to 820 oel* It appears from the spectrum or 708P
that the iper limit of this region must be extended to at

least 935 a 1  I t Is believed that the strong band at 698 oe"

(1&.30tL) In also due to the SY5 gro1. Oa band Is within

the 4P5 absorption region 706 c " for SIP 59 and 690 cu "1 for

s15 1 . Te 2 weak band centered at 759 om (13.16s). and the

(11) 0. is MIll and o. H Cady, to be published.

strong bend at 990 oqi- (10.10 p) were net assigned The ale

W of OF.'01, above uss number 44 Included in order of

decreasin intensity the followi , ons: 3,- Ct. +
+ + p? 30 O3 e

Si,, pi e Sol a~ 834;. and S * The MWW mtml



(8)

reonance speotrum of this oompound has been shown In another'

publication12 to be that epected for the st'uotrn'e O~f3YO]

(1-2) C. I. HerriU .S. No wiliamon, o. ftdy and D. grs.

frifluoromethoxy sultrpentafluoride Is colorless

and low in reactivity as might be expected fima Its silarity

to a saturated pertuoro ether 13 The 9 was acouiplished

Wj) A* N. Lovelace, D. A* Rausho W. Postelneks *Aliphatic

Fluor ne Compouids". Airiaoen Chemical Society onogaMph

Seees 8388 Reinhold Publishing 0o. NW oroaf Nov York

1958.

on the products of the fusion or a known quntity of the oompound

with an eXoes of sodiu. Iund& sulfur, 15.0$, Fluorine 70.2,",.

Theoreticaig sulfur 15,1%, fluorine 71.20p.

8MMM (Ul - OIfejuaL wo±&e dtermimti4ns gave an avea ge

value of 278.2 (theoretical, 278.1). ate2 ; fot r temper-

atures shown In Table 3 oorrespond to a volume coeffioent of

expansion at 0 of 1.85 x 10-3,

Table (35)

Desilties of (0lO)2SP4

Temp. * 0.0 9.7 20.2 35.2

Denity &/Go 1.851 1.818 1,781 1,7"



(9)

The t poin of this coround was not fourA. In all

atteupts the matorial beoame a glass when cooled below -130O.

VA-z g shom in table (4) indloate a heat of vapori-

zation of 6.89 oalA/Ioleo a pW k volat of 29.1*,

and a Trouton constant of 22.8 e.u. The data fit the expression

10510 1M i soft - x 10 + 7.8661.

Table (4)

VaPo= Presues of (0,0)2374

PaM Tem. or, Pan TIP. Ole

52'8 246.1 449.5 288.9

107.6 258.5 49?.*4 291.8

137.6 263.2 537.5M.

171.9 267.4 574.8 295.1

21*4.1 272.1 607.4 296.5

150.2 275.5 64T.2 298.2

281, 9 278.1 681.4 299A*

308.8 280.1 706.6 300.)

"39.2 282.2 736.9 301.6

375.0 284.6 750.2 302.0

413.6 286.7 (6o.o) (302.2)

the inftMAr 9MI- or (cl',) 2s1*ha
strong bnrds at 1273 W7j (7.8%)o 1242 eml (8.o51L). and 11 6

o "I1 due to the C:P oup,. the strong absorptiona at 935 oe"

(10. 694)o 84o air (1.8%L). and 712 oue (14.o03) were att.

buted to the S'* group. Another strong absorption ocu'red at

972 oel (1o.28). The Mps poltrm was de to the following



(l~o)

Ions, In order of decreasing Intensity: UtY'50&oW '*3 Se+

SOW",2 r2 09 and S1. peeaks mas 127,

was weak In relative Intensity, and was attributed to a trace

Imurity of C1 ,AP 5 in this sample.

The compound Is colorless and does not react with

water at room teapeatuw. A sawle stored over a 10 4.

sodi m hydroxide solution for three months shoved no reaction,

and another sample showed no change on being contacted with

calcium at 1000 for an hour. The S was carried out on

the products of the reaction of this material with molten

potassium Founds sulfur 11.6%, fluorine 67.8, Theoretical

sulfur 11.54, fluorine 68.. The 30 n.r spectrum of

cis-bis (trfluoromethoxy)tetranuorosulfur( VI) at 40 megacycles

mea studied. The part of the pectrm due to F

atom. bound to the sulfur Is a symmetrical Womp of fowteen

bands, each of whioh is split seven times. If, In this molecules

the trIfluoomthoxy groups we"e transo all of the S4 fluorine

atoms would be equivalent, yielding a single resonance, split

seven times by the six neighboring C1 fluorines, It is evident

from this spectrum that the two trifluogoethop ops mast

be In a cis configuration 14 a giving rise to two different

(14) Jean'ne IL Shreeve and o L. Cady, :, Amer. s Qum Soo.,

palz of fluormn atom bound to the sulfur. In order to show



that the experimental spectrum was actually that of a cis-disub-

stituted derivative of S'76 0 a theoretical speotrum was oalou-

lated for an A2 B2 model using a genezalized seven spin nmr.

program1 It was found that the computed speotrum could be

(15) Program provided by L, B. WibJ'g

matched to the expezimental SP, portion of the speotrum

using a chmimal shift 6. o 15.3 cps (3.88 ppm)

and a spin couplinS constant J of 14.0 ops. The CF portion

or the spectrum was shifted Av a 5,700 ops (1425 pp=) to higher

field strength. Spin cowpling constants between the OF and

SY atoms were 2 a 7 cps and ,.3 - 9 cpu.

It is Interesting, that in this case of "addition"

of CF.300.3 to sulfur tetraflu rlds, exclusively the ea-product

is formed. This os-oonfiguwstlon has also been shown to be

preferred orientation In the formation of tetrafluorobls-fluoro-

sulfonato sulfur VI 14 and bis-(pentafluorosulfxoz) suli'urteta-

fluorlde. 16

(16) C. 1. Merrill ad Q. IL OW,, .A. mer. Chem Soo., e.,

912 (1963).


